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DECLARATION UNDER RULE 132 

I, PAL NYREN, a Swedish citizen of Riksradsvagen 67, S-128 39 Skarpnack, 
Sweden, hereby declare as follows: 

1. I am professor in Biochemistry at Kungl. Tekniska Hogskolan (KTH); the 
Royal Institute of Technology, Stockholm, Sweden. I have worked extensively in 
the fields of bioenergetics, biomembranes, bioluminescence and molecular and cell 
biology. A copy of my CV is appended as Annex 1 . 

2. I was a founder member of the company Pyrosequencing AB of Uppsala, 
Sweden, now named Biotage AB, and a member of the Board of Directors from 
1997 to 1999. I presently hold stock in the company Biotage AB. 

3. I developed a method for continuous monitoring of pyrophosphate release 
based on the enzymes ATP sulphurylase and luciferase termed ELIDA (Enzymatic 
Luminometric Inorganic Pyrophosphate Detection Assay) (Nyren and Lundin, Anal. 
Biochem., 151, 504-509, 1985). I have further contributed to the development of a 
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DNA sequencing method based on detecting nucleotide incorporation by detecting 
pyrophosphate release using the ELIDA method (termed "Pyrosequencing"™). I 
have worked with Pyrosequencing™ for a number of years and have published 
widely in this area. As my CV also shows, I have supervised a number of PhD 
students in this area. I am very familiar with and experienced in Pyrosequencing™ 
technology. A Pyrosequencing™ procedure for sequencing DNA or detecting 
single base changes is described in WO 98/28440 (hereinafter "Nyren-2"). 

4. I am the sole inventor of the invention described in WO 98/28440 (Nyren-2). 
It has been explained to me that Nyren-2 has been cited against the present 
application. In particular, I understand the Examiner considers that Nyren-2 renders 
the present invention obvious. 

5. Nyren-2 is concerned only with sequencing methods i.e. methods of 
determining base sequence information, whether about a stretch of nucleotides in a 
sequence or of a single base. Nowhere does Nyren-2 in any way suggest that the 
method disclosed may have a utility beyond sequencing and sequencing-related 
applications such as detection of single base changes. In such methods of 
sequencing or base detection a single homogenous sample is used (see Nyren-2 at 
page 18, lines 13-26). Nyren 2 does not suggest pooling of different samples. As 
discussed further below, the level of accuracy of quantification required to detect the 
frequency of an allele within a pooled sample is much higher than that required to 
detect the presence of heterozygous alleles in a single sample. The disclosure of 
Nyren-2 at page 18, lines 13-26 concerns detecting whether a sample is 
heterozygous or homozygous, i.e. whether or not a heterozygote is present. This is 
not the same as quantification of the precise amount of heterozygous material 
present; there is no quantification of the alleles present and allele frequencies are not 
determined. Although I have worked extensively in the field of Pyrosequencing™, 
it did not occur to me that Pyrosequencing™ could be used on pooled samples, for 
example to detect or analyse single nucleotide polymorphisms (SNPs) in pooled 
samples or for any form of allele quantification study. I did not consider using the 
Pyrosequencing™-based detection/sequencing methods disclosed in Nyren-2 for 



any other purpose than obtaining sequence information or detecting the presence of 
a particular base. Further, I do not believe that Nyren-2 provides a skilled worker in 
the field with any motivation for using Pyrosequencing™ for any further purpose, 
particularly for determining allele frequency in pooled samples. 

6. Quantification methods on pooled samples such as allele frequency 
determinations, are very demanding applications which require very high levels of 
accuracy, much more so than in simple sequencing or base detection. It is of the 
utmost importance that the method used gives accurate quantitative data on the 
frequency of each allele. Detection of genetic changes such as SNPs or loss of 
heterozygosity in pooled samples requires DNA analysis methods capable of highly 
accurate and reliable quantitative analysis. Thus, allele frequency determination or 
allele quantification requires a method which has a high detection sensitivity and 
specificity, for example to enable the performance of single nucleotide 
polymorphism (SNP) studies in pooled samples. 

7. In the case of determining whether a sample is homozygous or heterozygous, 
the method used to detect the alleles does not have to be quantitative, and if it is a 
quantitative method, it does not need to be highly accurate or exact. Taking as an 
example the SNP-analysis of a sample with either base A or G in a specific position, 
for a single individual there will be three different possibilities: two A alleles, two G 
alleles, or one A and one G allele. With a highly accurate quantitative method the 
result from an SNP-analysis would be: TOO % A; 100% G; or 50% A plus 50% G. 

If 100 individual samples are pooled with 50% having only allele A, and 50% 
having both alleles, such a quantitative method would indicate 75% allele A and 
25% allele G. A non-exact quantitative method is good enough to determine if a 
single SNP is a homozygote (both alleles have the same base) or heterozygote (one 
of each allele); the signals obtained differ enough to distinguish between the two 
situations (a background signal of around 20% can be tolerated). However, for 
pooled samples the non-exact quantitative method might indicate that 20% have 
allele G and 80% have allele A even if there is no allele G in the sample (a 20% 
background signal cannot be tolerated). Thus, as indicated above, a quantitative 
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allele analysis (e.g. allele frequency determination) in a pooled sample requires a 
much more highly accurate and precise method of quantitation than simply detecting 
whether a sample is heterozygous. 

8. Up until the present invention, it was not considered in the art that methods 
of sequencing or base (e.g. polymorphism) detection would be suitable for 
performing such a sensitive assay (e.g. in an allele frequency determination context), 
since the methods are not reliable or consistent enough, or do not give sufficiently 
quantitative discrimination in a pooled sample. Methods such as traditional Sanger 
sequencing with dye-labels are not sufficiently accurate and quantitative to perform 
this method. Whilst the Pyrosequencing™ method of Nyren-2 has a number of 
advantages compared to the more commonly used sequencing methods, such as the 
ability to perform real-time detection, leading to increased speed of sequence 
analysis, it was not prima facie apparent, and is not from the disclosures of Nyren-2, 
that the Pyrosequencing™ method would be sufficiently quantitative to enable its 
use in allele frequency determination or allele quantification studies to accurately 
detect allele frequencies in pooled samples. Given the inaccuracy involved with, 
and the unsuitability of, other well known and accurate sequencing methods, it was 
far from obvious that this approach would be quantitative enough to be useful for 
such applications. It would not have been obvious to a person skilled in the art that 
the Pyrosequencing™ method (e.g. as disclosed in Nyren-2) would have been 
sufficiently quantitative or accurate enough to be used in allele frequency 
determinations or in pooled samples. 

9. There was no indication, and none is provided by Nyren-2, that 
Pyrosequencing™ would be appropriate or especially well-suited for highly 
quantitative analysis and studies. Accordingly it could not have been predicted that 
the method would be quantitative enough accurately to detect allele frequencies in 
pools of samples. It was surprising that the Pyrosequencing method of Nyren-2 
worked as well as it did on a quantitative level. It was unforeseen that the 
Pyrosequencing™ approach would provide sufficiently quantitative data that would 
correlate sufficiently well to the allele frequencies to enable allele discrimination 



and quantification. It is therefore my opinion that the present application represents 
a surprising advance in the art and is not in any way obvious over the disclosures of 
N Nyren-2. 

10. I further declare that all statements made herein of my own knowledge are 
true, and that all statements made on information and belief are believed to be true, 
and that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Codes, and that such willful false statements 
may jeopardize the validity of the application and any patent issuing thereon. 
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Bilaga 2 
Pal Nyren 



Date of Birth: March 28th, 1955 

Place of Birth: Stockholm, Sweden 

Nationality: Swedish 
Residence Address: Riksradsvagen 67 

S-128 39 Skarpnack, Sweden 

Phone: +46 8 6498361 
Professional Address: Department of Biotechnology 

Albanova University center, KTH, The Royal Institute of 

Technology 

SE-106 91 Stockholm, Sweden 

Phone: +46 8 55378392 Fax: +46 8 55378468 

Mobile: 070-3971630 

Email: nyren@kth.se 



Academic merits: M.Sc. (Civ ing), Chemical Engineering 1981 

Kungl. Tekniska Hogskolan, KTH; The Royal 
Institute of Technology 

Ph.D. (Tekn. doktor) Biochemistry 1985 
University of Stockholm 

Post-doctoral studies 1985/86 

LMB, MRC, Cambridge, G.B. (John Walker) 

Associate Prof. (Docent), Biochemistry, 1988 
University of Stockholm 

Professor in Biochemistry, 1999-12-09 

Department of Biotechnology, Kungl. Tekniska Hogskolan, KTH; 
The Royal Institute of Technology 



Present position: Professor in Biochemistry 

Kungl. Tekniska Hogskolan, KTH; The Royal 
Institute of Technology 

Research activities Bioenergetics, Biomembranes, Bioluminescence, 

Molecular biology and Cell biology, Environmental toxicology 

more than 150 publications: 

96 articles and 63 abstracts (see Scientific output 

below). 

Patents: 7 filed patent applications 

2 approved patents 



Postdoctoral research: 



Teaching experience: 
1980-90. 



1985/86 postdoctoral fellow, LMB, 

MRC, Cambridge, G.B. (John Walker). 



Lecturer and tutor, Univ. of 

Lecturer, The Royal Institute of 
Technology, Stockholm. 1990- 
Responsible/examiner and 
administrator for several courses. 



Stockholm 



Teaching experience cont: I have co-supervised the following Ph.D. 

students: Ake Strid, Beston Nore, Gaza Salih, 

Yoko Sakai-Nore 

I'm the principle supervisor for the following 
Ph.D. students: 

Mostafa Ronaghi (defended his thesis 
October 1998 Titel: Pyrosequencing: a tool 
for sequence-based DNA analysis), 



S artier Karamohamed (defended his thesis 
September 1999 Titel: Pyrosequencing: 
enzymes and assays), 

Tommy Nordstr6m(def ended his thesis June 
2003 Titel: Pyrosequencing: automation, 
optimization and template preparation), 
B aback Gharizadeh (defended his thesis 
November 2003 Titel: Method 
development and applications of 
Pyrosequencing technology), Jonas Eriksson 
(defended his thesis Mars 2004 Titel: 
Advancements in firefly luciferase- 
based assays and Pyrosequencing 
technology), Nader Nourizad,(defended his 
thesis May 2004 Titel: Recombinant enzymes 
in Pyrosequencing technology) and Anna 
Svantesson. 

Examiner (opposer) at public Maritha Mendel-Hartvig, UU, 2002 

defence of Ph.D. thesis 

Member of the examination More than tweenty different committe at public defence 

of occasions: Ghasem Nuranis SU, 

Ph.D. thesis Lena Andersson KTH, Anders 

HednnruKTH, Thomas Leitner KI, Christian 
Orrenius KTH, Catharina Lavebratt KTH, 
Mats Holmquist KTH, Staffan Tjus SU, Ivar 
Virgin SU, Agneta Noren SU, Anders 
Lindblad SU, Annelie Elvangs, SU, Magnus 
Larsson, KTH, Cecilia Williams, KTH, Magnus 
Doverskog, KTH, Lena Gumaelius, KTH, 
Jenny Ottosson, KTH, Katarina Lindroos, UU, 
Mario Curcio, KTH, Henrik Wernerus, KTH, 
Anders Schultz, SU, Anna Blomstergren, KTH, 
Ake Norberg, KI, Henrik Aspeborg, 
KTH,Maria Bostrom, KTH. 

Professional service Member of HUGO (Human Genome 

Organization), 1996- 
Member of the International Society for 
Bioluminescence and Chemiluminescence 
1996- 

M ember of the Board of Directors: 
KTH, Biochemistry and Biotechnology 

1997- 

Pyro sequencing AB 1997-1999 

The Swedish Chemical Society, Stiftelsen 

kemi och Kemiteknik 1995-2001 

Local committe for Stockholm Graduate 

School in Biomedicine 1996-2000 

Industrial exeriences Member of the Board of Directors: Pyrosequencing AB (Biotage AB) 

(Uppsala), 1997-99. Member of the Board of Directors: Magnetic 
Biosolutions Sweden AB (2002-). 

Grants for Scientific NFR (National Science 

Research from: Foundation), TFR (Swedish Council for Engineering Research), 

PyroSequencing AB, Carl Tryggers 

Stiftelse for Vetenskaplig Forskning, Magnus 
Bergvalls Stiftelse, Riksbankens Jubileumsfond, Axel 

och Margaret Ax:son Johnsons Stiftelse for 

allmannyttiga andamal, Ake Wibergs 
Stiftelse, Procordia/Pharmacia AB 

forekrtmgsstipendium, KTH 

Profilpotten, NUTEK (the Swedish 

National Board for Industrial and Technical 

Development. 



Other merits 



Research group 



Founder of the company Biotage AB (former 

Pyrosequencing AB) Uppsala Sweden. 

Price winner (first price) Innovation cup 1998. 



Two Ph.D. students. 
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pyrophosphate. In Bioenergetics, L. Ern- ster, ed., in New Comprehensive Biochemistry, 
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9. P. Nyren and A. Lundin (1985) Enzymatic method for continuous monitoring of 
inorganic pyrophosphate synthesis. Anal.Biochem. 151, 504-509. 
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11. A. Strid, P. Nyren, J. Boork, and M. Baltscheffsky (1985) Kinetics of the 
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15. P. Nyren, B.F. Nore and M. Baltscheffsky (1986) Inorganic pyrophosphate 
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Photobiochem. Photobiophys. 11, 189-196. 
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